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The use of quantum optical systems for investigation in General Relativity ad related theories, of which General
Relativity is the weak-field limit is exposed; the analyses are based on the comparison of the properties of

Astrophysical systems inferred form the quantum-optics techniques, which can compare Planck-scale physics.

Blackhole spacetimes Active Galactic Nuclei discs dust gaseous material jets

sparticles geometrical phase modified dispersion relations

| 1. Introduction

The comparison between the items of information gained after quantum-optical-devices experiments about
Astrophysical phenomena and about cosmology of particle physics is proposed from . The origin of galaxies was
discriminated [ after semianalytic calculations as far as the growth of supermassive black holes are concerned
according to the schemes of seeding models and pertinent accretion modes according to the abundances and to

the maximum masses of the formers.

The behaviours of the celestial bodies high-redshift galaxies can be verified according to the pressure and to the

energy 31,

The measurements of the frequencies of the periapsis and those of the Lense—Thirring precessions allows one to
infer items of information about the evolution of galactic structures and that of their compact objects in the vicinity

of the galaxy centers 4, as well as to discover new General-Relativistic phenomena.

The observation range and the source rate of gravitational radiation in the leading-order quadrupole is used to
follow the evolution of binary systems; within this framework of analysis, it is crucial that signal-to-noise ratio and
standard deviation should be available at the sufficient accuracy to render the first Post-Newtonian order not
needed & this is achieved by means of a single interferometer. In this manner, the qualities of particles and those

of their aggregation states are intended for the further modellization of galaxies and of celestial bodies.

One of the purposes of the presentation is the use of description of space-times in Astrophysical phenomena,
which can be investigated after quantum-optics devices, whose exploration ranges allow to compare with scales

proper of the Planck length and larger ones, at which it is possible to individuate new patrticles.
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Stellar spectroscopy and velocimetry can be achieved after a laser-based system 8 which governs the calibration

of interferometers and accounts for dispersive technologies.

The milliarcsecond-emission regions of Active Galactic Nuclei (AGN'’s) are demonstrate to be reconducted to the
mass function of quasar blackholes [1; the anisotropy of UV emission i.e. of the interstellar medium is controlled
after the presence of two identical telescopes. In order to establish a lower bound of the size of the region, the ratio
of the total emission flux with one measured after a single instrument allows one to determine a lower bound for the
size of the region. At the considered frequencies, the interferometer-based baseline s used to delineate the size of
the emitting region. The star background and/or the continuum light scattered at from the nucleus are investigated

as far as the continuum spectrum is concerned.

The off-set of one single baseline interferometer can be determined after the use of three telescopes & the

technique is apt for calculating the position o a point-like source.

The very-long-baseline interferometers can be exploited as from & i order to perform measurements without the

need of phase-referencing preparation especially set.

The Sagnac-Fabry-P” erot interferometer is explained to be a devise apt for both gravitational-waves detection and
particle-Physics experiments 19,

The use of quantum optical systems gives rise to the possibility to study both the properties of particles and those
of the possible quantum-gravitational features of the spacetime, i.e. phenomena occurring at scales larger than the
Planckian scale can be considered; accordingly, the analysis of Astrophysical phenomena can be compared to that
of particles and spacetimes qualities [L112I131114]: a5 an example, the modification of the dispersion relations 22!
can be used at the considered lenghtscales. The paper is organized as follows. In Section 2, the main outlines of

Sky investigation are posed.

In Section 3, the discussion is enhanced, about how to establish the comparison with the phenomenon individuated
beyond the quantum. In particular, the phenomena individuated, which take place at scales larger than the
Planckian scales allow one to establish the comparison between the Astrophysical implementation of General
Relativity and the related theories of which General relativity is the low-energy limit, i.e. also as far as new patrticle
detection is concerned.

| 2. Sky Investigations
2.1. 'Post-Keplerian’ Objects

The analysis of the motion of pulsars around spinning blackholes allow one to infer the important items of

information about spin and orientation of the blackhole object [28: to this end, the pulsar is considered as a test
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particles in the Kerr blackholes spacetimes metric. Other 'Newtonian’ material in the galactic region is theoretised

to produce 'Keplerian noise’ 22 which has to be not considered as due to the blackhole spacetimes metric.

In 28 S start are considered as following an almost-Keplerian behaviour on a background on which the
Schwarzschild contributions can be isolated; distributions in the redshift measurements along the orbit of the star
are described as more intensive at the pericenter, from whose items of information can be extracted about the

blackhole spin-induced quadrupole moment.

If the hypothesis is made of a different background metric, the Hamiltonian to be considered is one consisting of

several addends as

Hyeoa = Harinke + Hsenw + Hpp + Hy, (1)

where flat spacetime Hamiltonian, the Schwarzschild Hamiltonian, the frame-dragging Hamiltonian, and the BH
guadrupole moment are summed, respectively; it is crucial to remark that the Schwarzschild Hamiltonian is of the v
4 order, and both the frame-dragging Hamiltonian and the BH quadrupole moment one are of the v © order.

It is possible to consult the PN order in order to extract more items of description about a star which orbits of a

Keplerian non-precessing order the galactic blackhole after simplifying the PN parameter (3 as 3 = 3(r;a)

Ts Ts

o=t @)

ro 2,

with a the orbital major semiaxis, and with r ¢ the Schwarzschild radius of the blackhole. It is possible to prove that

the periapse shift ascribed to any type of dark matter is negligible at the chosen order.

The astrometric deviation & , of a star which orbits the galactic blackhole implies the precession of the star a

written as a function of the spin of the galactic blackhole x and of a as

1
= Xa1/2(1 —e2)3/2 (3)

O

ie. 5, =0, (xa) 1

From [29121[22] jt js possible to infer that improvements of the derivatives of the orbital period of double neutron-

star binaries can be gained after the use of wide-bandwidth coherent-dispersion devices.

The appropriate validations from binary pulsar systems 22! can induce the upper and/or lower bounds on the

parameters and/or the parameter space of theories whose low-energy limit admits a low-energy limit which is
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different from GR, a different value for universal and/or a running Newton constant G and/or on the energy density
of the low-frequency (limit of) gravitational waves. The equation of mass rate growth of a large celestial body dM/dt,
being M the mass, is written as a function of the Keplerian orbital frequency of the large body which orbits a star of

mass M * at the orbital distance o, of the surface density of the field planetesimals Zp

and of the radius of the larger body M as from [24l23] a5

% — ?TREQZng, (4)

as pointed out in [28l27] peing F g the gravitational focusing factor.

The magnitude of Neptune’s orbital expansion 28 has imposed a lower limit of about 5 AU; numerical results
indicate the inclination distribution as sensitive to the rate of orbital evolution for giant planets, for which longer

timescales of orbit evolution are correlated to higher inclinations.

For this, optical interferometers, infrared long-baseline and long-baseline (sub)millimeter interferometers, and high-

sensitivity infrared observatories, are compared.

2.2. Verifying New Celestial Bodies by Alternative Experiments

Optical interferometers are use in the analysis of galaxies, celestial bodies in galaxies, and Newtonian material and
Keplerian one in galaxies and and around them. Protoplanetary disks (i.e., around a star) are of particular interest
for the information they carry for structure evolution 22 for the role of grains, dust, polycyclic aromatic
hydrocarbons, and minerals. The presence of different kinds of dust is crucial in individuating different sizes for the
formation of planets, as well as for their masses. The composition of dust and that of dust grains is used to reveal
structure age. Spectral-analysis techniques are of use in revealing the composition in brain minerals, dust, dust
grains, different kinds of dust, and crystalline and amorphous material. The grain growth B2 can be traced both by

spectroscopy and after mm observation, i.e. according to grain size.

Dust-temperature determination can be reached after the analysis of different vibrations of the lattices of heavy

ions, and/or groups of ions having low bond energies, and/or when the signal-to-noise ratio is high.

2.3. Items of Information Gained after the Transition Lines

The study of the CO transition lines CO(3-2) or CO(2-1) at submillimetric (submm) scales is demonstrated as
predictive for the obtention of the interaction properties between a blackhole and a spheroidal celestial body
(whose features are comparable with respect to the former) B: moreover, the procedure allows one to infer more
insight about the role of quasars and that of quasar-like objects in the evolution of galaxies. A partial survey of

galaxy emission lines is presented in (22,
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Furthermore, the very same emission lines allow one to grasp items of information about the star-disc size: the
increased ratio between the lines might delineate the features of an increase in the temperature the gas staying in

the upper layers of the disc 23], The azimuthal morphology can also be studied.

The spectral-energy distribution model can therefore be controlled; the study of the paradigms which imply these

distribution models need to be implemented. gThe galaxy-forming areas can be studied after the CO (1-0) lines 341,
The study of gravitational lensing after CO lines was introduced in 3],

2.4. Laser Interferometers

From B8 the application of temperature-gradient techniques allows one to delineate the features of the detection

of gravitational waves.

The Experiments [27381[391140][41]142] haye pointed out that the improvement of the techniques with center-flat mirrors
ans mesa-shaped beam optical cavities is necessary; as a result, the theormoelastic noise can be reduced after

modifying the spaces of the mirrors 71,

The study of 43! indicates that the exploration of of a binary system of two stars with their own disc each is possible
after the introduction of two angular variables; items of information can this way be acquired about the different
angular positions of the two discs, and about the plane on which the light images are scattered. Accordingly, the
emission of the stars can be molded as thermal; non-thermal paradigms are admitted as well, i.e. in case of
gyrosynchrotron emissions. The investigation of the disc grain distribution and that of the dust-deposit probability
can be achieved after the upper bound and the lower one for these processes are set after the possible non-

negligible fractions of the millimeter flux.

The same device eventually provides one with a host of information 4 about the description of gaseous-CO
emission in the far quasar, its mass, its density and its temperature: put lower bounds are put after the comparison

of the CO line-flux ratios to those of a one-component large velocity gradient 42,

The centers of stars and of discs can be further modellised after the opportune continuous millimeter observation;
the choice of the molecular transition to be followed allows one to grasp items of description of the core centers of

stars and discs.

Appropriate continuum observations (at a millimeter scale) and the choice of molecular transitions allow to gain

information about the core centers of stars and disks.

One technique which assures that the opacity properties of celestial bodies not be confused with the chemical

effects ins tar forming regions is the mm-continuum observations [4€l,
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A higher dust opacity index and a lowering of the optical depth enable one to take the hypothesis of the presence
of grains at the core and/or at the disk centers. The molecular transition lines are chosen 44 as to recapitulate the

gualities of the disc within the star formation. Baseline lengths a reused to improve the opacity index
measurements [481491[50],

2.5 Baseline Interferometers

The Sky pixelization proposed in B is efficient in detecting the statical properties of radio sources in the case of

compact structures.
It is possible that the thinner structures are not resolved after a single-baseline interferometer.

The problems related to parametric instabilities in arm-cavity-mirror mechanical modes of interferometric detectors
and the possible improvements are discussed in great detail in 52331, Different solution was proposed in 24 as far

as the components of the piezoelectric are concerned.

The boundaries of the regions of dust evaporation in the discs of Young Stellar Objects is demonstrated to be

resolved according to the process of grain formation after the techniques described in 52!,

The issues concerning the avoidance of correlation between calibration summands, the azimuthal derivatives, and
the equatorial angle are discussed in for single-baseline Earth-based interferometer 28l correlations between

calibration summands, and both azimuthal derivatives of the position-variable sky and equatorial angle.

2.6. The Role of the Redshift

In (241 the behaviours interstellar gas is discussed as far as the good success of the possibility to study that star
formation and massive-blackhole formation can occur at the same cosmological epoch after the choice of the

redshift, the choice of the transition lines and the brightness f the transition lines.

The temperatures of dust sublimation in the stellar photosphere can be investigated after optical photometry
after the opportune study of the spectral energy distributions as far as dust discs are concerned. As an important

result, the radius can be parameterised as a function of the inverse square temperature.

| 3. Discussion: More about Cosmological Investigation

The nuclei of active galaxies can be investigated after the resolution of the microarcoseconds, after which the
characteristics of accretion discs of supermassive blackholes and those of their relativistic jets. This precision
allows for the validation of schemes which trace back to star-formation times, and are related with small-scale

investigation of quasar cores and that of AGN cores, as well as for the analysis of binary supermassive blackholes.
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At this chosen precision, the astrometric detection of quasar parallasses is possible, which allows one to compare
with the particle-induced effects [28I59][601[61][62][63][64][65]

The quantum properties of particles and the quantum features of space-time at Planckian lengths allow one to
compare and to explore the semiclassical limit of quantum-gravitational phenomena. Quantum optical systems
consisting in matter aggregation states allow to account for the quantum effects of phenomena which take place at
scales larger than the Planckian, for laboratory- based experiments, and for observational surveys taking place in
the background (Minkowski) flat spacetime [11I12][13][14]

The investigation of the first epoch of star formation and that of reionization can be pursued after Fourier-

transforming the (time) delay to the (event) rate domain in order for weaker sources to be detected as well (681671,

The square modulus of the Fourier transform is proven to completely characterise the laser-photocascade uses

[68]: 5 criterion is provided with in 2 for discriminating between celestial bodies which emit in the IR spectrum.
The study of the effects of proton-proton collisions are provided with in Z9Z4],

This very same phenomenon can be compared with that of spacial broken O(3) symmetry originating form a
geometrical (Berry) phase of the particles on curved spacetimes, from where the remaining degrees of freedom

allow on to discriminate between sparticles according to the mass dispersion relation Am j for masses m j as

Am? AN M
23k _ /\3/2\;c In sz (5)

with A  factorizing the (requested) coupling constant, m ¢ being the mass of the common (standard-model) scalar

(normalized to Planck mass M p; ), and M ¢ being the mass for a (massive) gravitational mode.
Interacting Further Particles

The existence is proposed of massive particles of masses M C compatible with the Planck mass, whose
gravitational interaction can be able to modify the ordinary Newtonian gravity in the low-energy limit the the breach
of higher-dimensional structures [Z2[Z3I74][75],

The detection of sparticle masses such those form Eq. (5) is achievable after both silicon-based
microelectromechanical systems ZBI74I75] and cantilever experiments: the comparison of the two experimental
techniques might enable one to discriminate between the presence of sparticles and Fifth-Force effects as from 8],
where the way is opened for the comparison of experiments for the

verification of new particles.
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The comparison of the analysis of signal reaching from the Sun can be compared with the detectors for Earth-

based experiments looking for WIMPs of mass m y, , m y 80G,, 4.
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